Upon invoking Huygen's principle, matrix equations are obtained describing the scattering of waves by an obstacle of arbitrary shape immersed in an elastic medium. New relations are found connecting surface tractions with the divergence and curl of the displacement, and conservation laws are discussed. When mode conversion effects are arbitrarily suppressed by resetting appropriate matrix elements to zero, the equations reduce to a simultaneous description of acoustic and electromagnetic scattering by the obstacle at hand. Unification with acoustic/electromagnetics should provide useful guidelines in elasticity. Approximate numerical equality is shown to exist between certain of the scattering coefficients for hard and soft spheres. For penetrable spheres, explicit analytical results are found for the first time.
INTRODUCTION
The scattering of waves in an elastic solid finds important application in a variety of fields ranging from nondestructive testing to seismic exploration, properties of composite materials, and questions of dynamic 
In other related work, a time-dependent version of
Huygens' principle has been given by Knopoff, •6 a subject further examined by Pao and Varatharajulu.
•4 A Neumann-series development appropriate for low frequencies has been presented by Hsiao and co-workers, using a regularized version of the Betti formulas. m
We go on to describe constraints of symmetry and unitarity on the transition matrix, based on time-reversal invariance and energy conservation. The basic boundary conditions are then taken up individually; the rigid body, the cavity, the fluid-filled cavity, and the elastic obstacle. In each instance, the equations may be specialized to a spherical object. At that point a surprise is in store; we find that Huygens' principle yields fundamentally simpler results than separation of variables! Reasons for this are discussed, along with implications on existing numerical computations. In the exterior region • outside e, Eq. (4) gives a prescription for evaluating the scattered wave, given by the integral, by quadrature of the (presently unknown) surface field, and its divergence and curl. In the interior, on the other hand, one sees that the field expressed by the surface integral must precisely extinguish the incident wave. We will make use of this assertion, but first we must introduce a set of basis func- 
The situation is complicated by the fact that we are not able to work directly on the boundary with the ex- A useful identity emerges if we consider the trivial case for which the obstacle is indistinguishabIe from its surroundings, so that in fact no scattering occurs. In this case, the total field is simply equal to the incident wave everywhere inside and outside the obstacle. 
where Q is a known matrix, the exact nature of whose elements depends on the boundary conditions at hand. This equation may be solved, subject to constraints of symmetry and unitarity, by the following formal procedure.
•a We first convert Q to a unitary matrix •. This is done by truncating to 3/ rows and columns, then employing Schmidt orthogonalization on row vectors, starting at the bottom. In matrix form one has simply 
The latter equation may be solved in truncation to get the surface fields in terms of the known incident wave a, the scattered wave f then being given by Eq. (30a). On the other hand, the surface fields may be eliminated, and the physically more interesting scattered wave determined directly; i.e., f= -Re(Qt)(Q')'xa. By comparison with Eq. (7), the transition matrix is now seen to be determined by (using the fact that T is symmetric) QT=-Re q .
The recommended procedure for isolving this equation 
